V itamin A deficiency (VAD) is preventable, yet an estimated 75 to 251 million children have subclinical VAD symptoms, and about half a million children go blind each year in Africa due to the deficiency. Improving total carotenoid content (TCC) in cassava roots is an important strategy to reduce VAD in people who rely on cassava as source of energy in their diets. The Bill & Melinda Gates Foundation, USAID, and the World Bank, through the HarvestPlus initiative, decided to alleviate this problem by financing research to produce high-carotene cassava germplasm. Donors not only provided financial support, but also established nutritional goals that seemed unreachable only a decade ago.
The high heritability for TCC in the roots allowed the International Center for Tropical Agriculture (CIAT) to implement a rapid cycling recurrent selection approach that reduced the standard length of each cassava breeding cycle from the ordinary eight years to three. CIAT took advantage of the large genetic variability present in its germplasm collection to enhance the levels of TCC in breeding populations. The improved germplasm was then sent to the International Institute of Tropical Agriculture (IITA) and National Agriculture Research Institutions in Africa. There, the hard work to introgress the high-TCC trait to develop cassava clones suitable to local environmental and consumer requirements took place. Data in the article illustrate major increases every three years-resulting in a predicted, but record-breaking, 25% increase in TBC levels (from 16.2 µg g -1 to more than 20.0 µg g -1 on a fresh-weight basis) in the latest 2013 evaluation nursery (data not reported in the article).
Although dry matter content (DMC) was not a selection criterion, it increased with the successive cycles of selection. This suggests that simultaneous gains for TCC, TBC, and DMC are feasible. This finding is relevant because acceptable levels of dry matter content are a prerequisite for varietal adoption.
There are several lessons and conclusions that could be drawn from this report. The first one is that the seemingly unreachable goals set by the donors of the HarvestPlus initiative were indeed feasible. Sometimes dreams come true. However, to reach this kind of success, CIAT had to adapt the breeding approach to accelerate genetic gains, taking advantage of the fact that there was only one goalincreasing carotenoid levels-and that the trait has high heritability. Systematic improvements in the protocol for the quantification of carotenoids were made, so a larger number of more promising, high-TCC genotypes could be analyzed.
A second conclusion from this experience is that cassava can respond quickly to efficient conventional-breeding approaches. This is important because the length of a normal recurrent selection cycle means that there are few studies describing genetic gains in cassava. These results indicate for the first time that such fast progress can be made in manipulating a single trait in this crop.
There is a third observation: The synthesis of carotenoids in different crops (including cassava) is well established, and only a few genes seem to be involved. However, the fact that genetic gains are maintained even after 10 years of work suggests that there must be large allelic variation in these genes.
In summary, ambitious goals set by donors, an efficient breeding approach, patience, and coordinated efforts to reliably evaluate thousands of genotypes have demonstrated cassava's capacity to respond to rapid selection. Currently, the source materials and experience gained during this work are being used by African partners to deliver high-carotene clones to farmers. Only then, when people consume carotenoids from cassava roots and VAD is finally reduced, will a true breakthrough have been achieved.
